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APPARATUS AND METHOD FOR AUTOMATED 
WEB INSPECTION 

TECHNICAL FIELD 

0001. The present invention relates to automated inspec 
tion Systems, and more particularly to a System and device 
for optically inspecting continuously moving webs. 

BACKGROUND 

0002 Inspection systems for the analysis of moving web 
materials have proven critical to modem manufacturing 
operations. Industries as varied as metal fabrication, paper, 
non-wovens, and films rely on these inspection Systems for 
both product certification and online proceSS monitoring. 
One major difficulty in the industry is related to the 
extremely high data processing rates required to keep up 
with current manufacturing processes. With webs of com 
mercially viable width and web speeds that are typically 
used and pixel sizes that are typically needed, data acqui 
Sition Speeds of tens or even hundreds of megabytes per 
Second are required of the inspection Systems. It is a 
continual challenge to proceSS images and perform accurate 
defect detection at these data rates. 

0003. The art has responded to this dilemma by limiting 
the image processing to very simple algorithms, by limiting 
the Scope and complexity of the detection algorithms, and by 
using custom inspection System architectures incorporating 
custom electronic hardware or dedicated preprocessors, each 
working on part of the data Stream. While Such Systems are 
capable of achieving the data rates required for the inspec 
tion of moving webs, is very difficult to adapt the system for 
a new production process and web materials. Also, proceSS 
ing algorithms are limited to the capabilities of dedicated 
processing modules. Finally, as the image processing algo 
rithms become more complex, the hardware required to 
implement the required processing quickly becomes unman 
ageable. 

0004. The manufacturing industry has recognized the 
importance of being able to produce product "just-in-time” 
with obvious advantages in reduced inventory. However, 
achieving this goal often has manufacturers working to 
develop Systems and devices that allow a rapid change over 
between various products. The rapid changeover between 
products is inconsistent with the Specialized signal process 
ing hardware the art of optical inspection of moving webs 
now requires. 

0005 Another dilemma occurs in situations when a given 
product can be later used for multiple applications, with each 
of the multiple applications requiring different quality lev 
els. The difficulty is that during the time of manufacture, it 
is not known which quality level will be required. Therefore, 
the current art attempts to grade quality level after defect 
detection by using various defect classification techniques 
based on spatial features of the extracted defects. While this 
is Sometimes adequate when groSS differences exist between 
defect levels for different quality requirements, it is not 
adequate for more demanding situations in which more 
Subtle differences between defects require different image 
processing and defect extraction algorithms. Thus, if one 
waits until after defect extraction for classification, infor 
mation is lost and the classification is impossible. 
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SUMMARY OF THE INVENTION 

0006 The present invention provides a system for the 
inspection of moving webs. It solves the difficulties 
described above through the use of unique application 
specific defect detection methods. This inventive method 
provides greatly enhanced defect detection capability at little 
or no cost in terms of defect processing time or resources, 
thereby allowing the inspection System to keep up with the 
demanding data processing rates needed in web inspection 
applications. It also allows one to Save all information for 
every anomaly for use at a later time, thereby providing 
deferred defect detection depending on quality levels 
required for the final product application. 
0007. The inspection system acquires information about 
the web from an optical device and performs a preliminary 
examination with a first, typically leSS Sophisticated algo 
rithm. Image information about the regions of the web 
containing anomalies is Selected, accepting the likelihood 
that some of the anomalies will be defective, but many could 
be "false positives', anomalies that are not defective. In fact, 
Some areas may be defective if the product is used in a 
particular application, but not defective if it is used in 
another. To effectively Separate actual defects from anoma 
lies, the original image information is reconsidered later and 
Subjected to at least one of a variety of more Sophisticated 
image processing and defect extraction algorithms. 
0008. It is an advantage of this invention that this recon 
sideration of the original image information can be per 
formed at a convenient time, even after the inspected web 
has been wound onto a roll and is unavailable. A related 
advantage is that the Speed of the moving web during the 
inspection can be much greater than is possible when the 
entire Surface of the web is Subjected to a Sophisticated 
analysis. 
0009 While the present invention is particularly useful 
with normally unpatterned webs, it is also contemplated that 
the method is applicable to normally patterned webs. When 
a normally patterned web is being Subjected to the present 
process, the initial algorithm used to process the digital 
information must be Sufficient to distinguish between 
regions of the web containing perfect pattern from regions of 
the web containing pattern and also possible defects. Data 
reduction, So that only Some fraction of the digital informa 
tion needs to be extracted and Subjected to the Subsequent 
algorithm, is the goal. 
0010 More particularly, one embodiment of the inven 
tion can be thought of as a method of inspecting a moving 
web. The method includes imaging a Sequential portion of 
the continuously moving web to provide digital information. 
The digital information is then processed with an initial 
algorithm to identify any regions on the web containing 
anomalies. Image information corresponding to any identi 
fied region within the digital information is then Selected. 
The Selected image information is then analyzed with at 
least one Subsequent algorithm to distinguish actual defects 
from among the anomalies. 
0011. In many preferred embodiments, it is convenient to 
Store or buffer the Selected image information prior to 
analyzing it. Indeed, it is often convenient to retain the 
stored or buffered information for a time and perform the 
analysis only after the imaging has been performed on the 
entire web. 
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0012 Various image processing techniques can be used 
for the initial algorithm, but algorithms comprising the Steps 
of thresholding the digital information and forming a blob 
list have been found to be particularly convenient because 
they can be performed with very Small computational cost. 
Depending on the exact nature of the web being inspected, 
the invention can be used with reflected, transmitted, or 
transflected light. The invention is useful with either a single 
or multiple imaging Sources. 
0013. Other features and advantages will be apparent 
from the following description of the embodiments thereof, 
and from the claims. 

Definitions 

0.014 For purposes of the present invention, the follow 
ing terms used in this application are defined as follows: 

0015 “web” means a sheet of material having a 
fixed dimension in one direction and either a prede 
termined or indeterminate length in the orthogonal 
direction; 

0016 “sequential” means that an image is formed by 
a Succession of Single lines, or areas of the web that 
optically maps to a Single row of Sensor elements 
(pixels); 

0017 “pixel’ means a picture element represented 
by one or more digital values; 

0018 “blob” means a connected set of pixels in a 
binary image; 

0019 “defect” means an undesirable occurrence in a 
product; 

0020 “anomaly” or “anomalies' mean a deviation 
from normal product that may or may not be a defect, 
depending on its characteristics and Severity. 

0021 “gray scale” means pixels having a multitude 
of possible values, e.g. 256 digital values, 

0022 “binarization” is an operation for transform 
ing a pixel into a binary value; 

0023 “filter' is a mathematical transformation of an 
input image to a desired output image, filters are 
typically used to enhance contrast of a desired prop 
erty within an image, and 

0024 “application specific' means defining product 
requirements based on its intended use. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.025 In the several figures of the attached drawing, like 
parts bear like reference numerals, and: 
0.026 FIG. 1 illustrates a schematic view of an exem 
plary inspection apparatus according to the present inven 
tion; 
0.027 FIG. 2 illustrates a flowchart of an exemplary 
method according to the present invention; 
0028 FIG. 3 illustrates application specific processing 
concept in accordance with the present invention; and 
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0029 FIG. 4a and 4b are illustrations of example images 
of a portion of a web used in practicing the present inven 
tion. 

DETAILED DESCRIPTION 

0030 The present invention is a method for optically 
inspecting a continuous moving web. FIG. 1 is a diagram 
depicting one way in which the method of the present 
invention may be carried out. A Segment of a continuously 
moving web 10 is positioned between two support rolls 12, 
14. An image acquisition device 16 is positioned in close 
proximity to the continuously moving web 10. The image 
acquisition device 16 Scans a Sequential portion of the 
continuously moving web 10 to obtain data about the 
respective Sequential portion. The data is transmitted to a 
computer 18 that collects and analyzes the data. The digital 
information is then processed with an initial algorithm to 
identify any regions on the web containing anomalies. 
Image information corresponding to any anomaly within the 
digital information is then Selected. The Selected image 
information is then analyzed with at least one Subsequent 
algorithm to distinguish actual defects from among the 
anomalies. 

0031 Web Materials P In accordance with the present 
invention, the web may include any sheet-like material 
having a fixed dimension in one direction and either a 
predetermined or indeterminate length in the orthogonal 
direction. The invention is preferably Suited to deal with 
WebS that are continuously moving. Materials provided in 
web form that may be optically imaged are Suitable for use 
with the present invention. Examples of web materials 
include, but are not limited to metals, paper, wovens, non 
wovens, glass, polymeric films or combinations thereof. 
Metals may include Such materials as Steel or aluminum. 
Wovens generally include various fabrics. Non-wovens 
include materials, Such as paper, filter media, or insulating 
material. Films include, for example, clear and opaque 
polymeric films including laminates and coated films. 
0032. One type of inspection problem particularly suit 
able to resolution through use of the present invention is the 
inspection of optical films. With films intended for use in 
optical applications Such as the Surface of a computer 
display, Subtle defects can loom large to a user who is 
looking at the display for hours at a time. Sometimes 
defining exactly what Sort of defect in this Sort of application 
will be unacceptably burdensome to the user, and what Sort 
of defect is harmless is quite complex. A Scheme for 
reducing the complexity of the determination is presented 
with more particularity below. 
0033) A second type of inspection problem is the inspec 
tion of flexible circuit webs. The invention is particularly 
Suited for dealing with the complexity involved where 
individual circuits on a flexible circuit web have repeating 
circuit patterns deposited or formed on a flexible Substrate. 
A web typically has multiple individual circuits each includ 
ing various Small parts arranged in arbitrary patterns. The 
individual circuits are later Separated from the web by e.g. 
die cutting for use in discrete electrical applications. 
0034) For many applications Suited for the present inven 
tion, the web materials or combined materials may prefer 
ably have an applied coating. Coatings that may be optically 
imaged are Suitable for use with the present invention. The 
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coatings are generally applied to an exposed Surface of the 
base web material. Examples of coatings include adhesives, 
optical density coatings, low adhesion backside coatings, 
metalized coatings, optically active coatings, electrically 
conductive or nonconductive coatings, or combinations 
thereof. The coating may be applied to at least a portion of 
the web material or may fully cover a surface of the base 
web material. 

0035) Image Acquisition 
0.036 The acquisition of the image is accomplished 
through the use of conventional imaging devices that are 
capable of reading a Sequential portion of the moving web 
and providing output in the form of a digital data Stream. For 
purposes of the invention, the imaging device may include 
a camera that directly provides a digital data Stream or an 
analog camera with an additional analog to digital converter. 
Furthermore, other Sensors, Such as, for example, laser 
Scanners may be utilized as the imaging device. A sequential 
portion of the web indicates that the data is acquired by a 
Succession of Single lines. Single lines comprise an area of 
the continuously moving web that optically map to a single 
row of Sensor elements or pixels. Examples of devices 
Suitable for acquiring the image include lineScan cameras 
such as ModeliiLD21 from Perkin Elmer (Sunnyvale, 
Calif.), Piranha Models from Dalsa (Waterloo, Ontario, 
Canada), or ModeliFTH78H15 from Thompson-CSF 
(Totawa, N.J.). Additional examples include laser Scanners 
from Surface Inspection Systems GmbH (Munich, Ger 
many) in conjunction with an analog to digital converter. 
0037. The image may be optionally acquired through the 
utilization of optic assemblies that assist in the procurement 
of the image. The assemblies may be either part of a camera, 
or may be separate from the camera. Optic assemblies utilize 
reflected light, transmitted light, or transflected light during 
the imaging process. Reflected light is Suitable for the 
detection of defects caused by Web Surface deformations 
Such as Surface Scratches. 

0.038 Analysis of Digital Information 
0039 FIG. 2 is a flowchart of an exemplary method 
according to the present invention. Information from the 
image acquisition device 16 is converted in Step 20 to 
provide digital information. The digital information is Sub 
jected to an initial algorithm 22 to identify regions of the 
web containing anomalies. In convenient embodiments, the 
initial algorithm 22 is very fast So as to be capable of being 
performed in real time by general purpose computing equip 
ment even if the line Speed of the moving web is great. This 
is usually true in most embodiments of the invention, even 
if the Sophistication of the algorithm is Such that the iden 
tified regions containing anomalies include many "false 
positives.” Even though there may be many false positives, 
the initial algorithm is preferably designed Such that 
escapes, true defects not detected as anomalies, rarely, if 
CWC OCCU. 

0040. It is usually convenient to perform the step 24 of 
assembling information about the identified regions contain 
ing anomalies into a list. The list conveniently includes the 
Start position and encompassing pixel area of each identified 
region. This list and the original digital information are used 
to perform the Step 26 of extracting the identified regions 
containing anomalies from the digital information. Data 
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reduction, So that only Some fraction of the digital informa 
tion needs to be extracted for further, more Sophisticated 
analysis is a preferred result of the invention. In preferred 
embodiments, the identified regions contain information, as 
indicated by size in any convenient measure Such as file size 
in bytes, at least an order of magnitude less than the digital 
information. In application, the present invention has dem 
onstrated actual data reduction in an order of magnitude of 
between 3 and 8. 

0041. The extracted anomaly images may be optionally 
Stored in a database 36 for later analysis or may be trans 
ferred directly for processing by multiple detection algo 
rithms 28. If the images are Stored, they can be analyzed at 
a later time. It may be as Soon as Several milliseconds for 
immediate feedback to the product making operation or as 
long as Several weeks later for analysis at remote converting 
operations after determining the product application based 
on, for example, current customer orders. The preferred 
embodiment is to Store images in a real-time database for 
enough time to perform all of the Subsequent detection 
algorithms required for any possible product final product 
Sc. 

0042. The extracted anomalies are then analyzed with at 
least one Subsequent detection algorithm 28 to determine 
which anomalies represent actual defects in the moving web 
10. In the flowchart of FIG. 2, “M” different subsequent 
algorithms are in use. In many preferred embodiments, a 
larger number of rather simpler algorithms are conveniently 
used in parallel. In particular, it is often convenient that at 
least one of the Subsequent algorithms includes comparing 
each anomaly against a combination threshold-pixel size 
criterion. In actual practice with e.g. optical films, an 
anomaly having only a Subtle difference in brightness value 
from a target is unacceptable if the area is large, and an 
anomaly having a great difference in brightness from a target 
value is unacceptable even if the area is very Small. How 
ever, the detection algorithms can incorporate very complex 
image processing and defect extraction including, but not 
limited to, neighborhood averaging, neighborhood ranking, 
contrast expansion, various monadic and dyadic image 
manipulations, digital filtering Such as Laplacian filters, 
Sobel operators, high-pass filtering and low-pass filtering, 
texture analysis, fractal analysis, frequency processing Such 
as Fourier transforms and wavelet transforms, convolutions, 
morphological processing, thresholding, connected compo 
nent analyses, blob processing, blob classifications, or com 
binations thereof. The individual results from the M Subse 
quent processing algorithm are then Subjected to a defect list 
resolution process 30 to form a composite defect list. The 
Simplest defect resolution process, a simple OR logic, Serves 
in many preferred embodiments. 

0043. The algorithms employed in the present invention 
include those conventionally utilized in the field of web 
inspection. Combinations of the algorithms may be used for 
either the first or subsequent algorithms. Those skilled in the 
art of establishing web inspection Systems are cable of 
matching one or more algorithms with Specific web and 
defect types to achieve a desired accuracy level of defect 
detection. 

0044) The results from the anomaly sub-image extraction 
26 may provide some benefit for real time feedback 34 of the 
web manufacturing process. However, in practice, it may be 
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convenient to run an additional real time detection algorithm 
38 that is sufficient to identify patterns in the anomalies 
indicative of a process fault of the Sort an operator could 
ameliorate with direct intervention. To be useful for this 
purpose, the identified patterns are communicated to the 
operator as real-time feedback 40. 

004.5 FIG. 3 shows a preferred embodiment of the 
application specific detection incorporating multiple defect 
detection algorithms required for different product require 
ments. First, a roll 42 is imaged and anomaly images, Such 
as imageS 44, 46, are extracted using a simple first detection 
algorithm, not shown. Then each anomaly image is pro 
cessed using up to M detection algorithms 28 as needed for 
up to N different product requirements 50. The step 30 (in 
FIG. 2) of resolving the defect list is conveniently accom 
plished by the use of a cross-reference table 52. The exem 
plary cross-reference table 52 shows which detection algo 
rithms 28 are considered in determining whether each 
anomaly is a defect or a false positive for a given product 
requirement 50. For example, a given piece of film could 
finally be used in three different applications, the first having 
very Stringent quality requirements, the Second having mod 
erate requirements, and the third have minimal require 
ments. Depending on the defect distribution in the roll and 
the upcoming product orders, the given roll may produce 
more optimal converting results if it is converted and used 
for one product application rather than another. 

0046 Referring again to FIG. 3, each of the N product 
requirements can be accomplished using Selected combina 
tions of individual defect processing algorithms. The algo 
rithms may use very simple threshold and minimum blob 
processing or more complex algorithms Such as Spatial 
filters, morphological operations, frequency filters, wavelet 
processing, or any other known image processing algo 
rithms. In this exemplary croSS-reference table 52, product 
requirement RI uses a combination of algorithms A, A, and 
A, each applied to every anomaly image to determine 
which anomalies are actual defects for R. In most conve 
nient embodiments, a simple OR logic is employed, i.e. if 
any of A2, A, and AM report the anomaly as an actual defect, 
that portion of roll 42 does not Satisfy product requirement 
R. For specialized applications, the logic through which the 
reports of the Subsequent algorithms 28 are combined into a 
determination of whether a product requirement 50 is sat 
isfied may be more complex than a simple OR logic. 
Similarly, product requirement Ra uses A, A, and A, etc. 
Thus, the anomalies that are identified as defects for R may 
be similar to or significantly different than defects for R. 

0047. After determining which anomalies are considered 
actual defects by using cross-reference table 52, it may be 
convenient to draw one or more (up to N) different maps 54 
of actual defect locations corresponding to the various 
product requirements for the roll 42. Once this has been 
done, it is often possible to discard the Subimage information 
to minimize the needed Storage media. 
0.048 Because this invention is computationally efficient, 
a preferred embodiment utilizes computational processing 
units to provide both the initial algorithm processing and 
Subimage extraction, as well as Subsequent processing of 
Subimages with additional detection algorithms. Also, the 
invention is not limited to a Single imaging device, but may 
be implemented with an arbitrary number of imaging 

Apr. 7, 2005 

devices. In that case, a single computational processing unit 
may be used for each imaging device, or multiple imaging 
devices can be handled by a single computational processing 
unit for realtime processing using the initial algorithm. One 
or more computational processing units may then be applied 
to Subsequent processing algorithms. WorkStations, Servers, 
personal computers, or other general purpose computers are 
preferred embodiments for computational processing units. 
However, other implementations using digital signal pro 
ceSSors, Single board computers, transputers, embedded 
electronic hardware, or combinations thereof are applicable. 
0049. A simple but representative example showing 
advantages of this invention is described in this Section. This 
illustrates a feature of many optical type films. Subtle 
anomalies are considered defective only if they are large 
while even very small anomalies can be defective if they 
have high contrast. In this case, anomalies that have greater 
deviation from the background image level have high con 
traSt. 

0050 FIG. 4a shows a sample image containing three 
anomalies. In this example, an anomaly is considered defec 
tive if (its intensity is greater than 50 AND its size is greater 
than 10 pixels) OR (its intensity is greater than 190 and its 
Size is greater than 2 pixels). Thus, in this example, Anoma 
lies 60 and 62 are defects while anomaly 64 is not. Because 
this is a simple image, common defect detection could 
involve simple intensity thresholding and Segregation based 
on blob Size. As the table below shows, there is no combi 
nation of threshold and minimum blob size that results in the 
correct Solution. 

Intensity Threshold Minimum Blob Size Identified Defects Correct? 

50 6 60 No 
50 2 60, 62, and 64 No 
70 6 None No 
70 2 62, 64 No 
90 6 None No 
90 2 62 No 

0051. In accordance with the present invention, anomaly 
images are available to multiple image processing algo 
rithms whose combination determines the resultant defect 
Set. An example is illustrated in the following. 

Intensity Threshold Minimum Blob Size Identified Defects Correct? 

50 6 60 
90 2 62 

Combination (OR) 60 and 62 Yes 

0052 The art attempts to solve this type of situation by 
including crude intensity information along with blob fea 
tures to be used for classification. One Such feature that is 
commonly used is the maximum pixel value within a blob. 
If this information is included for each anomaly, then one 
can correctly identify each defect as shown in the following 
table. One would perform a threshold of 50 to the entire 
image and then categorize defects using the blob Size and 
maximum pixel intensity. In fact, for FIG. 4a, the correct 
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Solution is produced with this Standard technique. The table 
below shows this result. 

Minimum Max Pixel 
Anomaly Blob Size Intensity Identified Defect? Correct? 

60 12 64 Yes Yes 
64 4 8O No Yes 
62 4 255 Yes Yes 

0053. Unfortunately, actual production operations are not 
nearly as simple as FIG. 4a. The overwhelming majority of 
anomalies consist of a wide range of intensity values ranging 
from the background level to their maximum intensity value, 
sometimes with very disjointed ranges. Now, consider FIG. 
4b. Anomalies 70 and 72 are similar to Anomalies 60 and 62 
in FIG. 4a, respectively, but now Anomaly 74 contains a 
single embedded pixel 76 of intensity 200. This small, but 
realistic change renders known defect classification inher 
ently innacurate. If the same intensity threshold of 50 and 
defect classification using the maximum pixel intensity 
within each anomaly are applied, the result is that Anomaly 
74, which is not defective,is inaccurately classified as a 
defect. The table below describes this situation. 

Minimum Max Pixel 
Anomaly Blob Size Intensity Identified Defect? Correct? 

70 12 64 Yes Yes 
74 4 2OO Yes No 
72 4 255 Yes Yes 

0.054 Again, applying the new invention results in the 
correct answer as shown below. 

Intensity Threshold Minimum Blob Size Identified Defects Correct? 

50 6 70 
90 2 72 

Combination (OR) 70 and 72 Yes 

0.055 This example used a very simple image and simple 
detection algorithms. However, the invention is not limited 
to this type of image processing or defect detection. Arbi 
trarily complex image processing and defect extraction 
could be used for each detection algorithm along with 
complex result combination mechanisms resulting in 
extremely powerful defect detection for web inspection 
Systems. 

0056 Various modifications and alterations of the present 
invention will be apparent to those skilled in the art without 
departing from the Scope and Spirit of this invention, and it 
should be understood that this invention is not limited to the 
illustrative embodiments set forth herein. 

What is claimed is: 
1. A method of inspecting a continuously moving web, 

comprising: 
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imaging a Sequential portion of the continuously moving 
web to provide digital information, 

processing the digital information with at least one initial 
algorithm to identify regions on the web containing 
anomalies, 

extracting identified regions from the digital information, 
and 

analyzing the extracted identified regions with at least one 
Subsequent algorithm to determine which anomalies 
represent actual defects in the moving web. 

2. The method according to claim 1 further comprising 
Storing or buffering the identified regions prior to analyzing. 

3. The method according to claim 2 wherein the stored or 
buffered information is analyzed after the imaging has been 
performed on the entire web. 

4. The method according to claim 1 wherein the initial 
algorithm comprises thresholding the digital information 
and forming a blob list. 

5. The method according to claim 1 wherein the at least 
one Subsequent algorithm includes neighborhood averaging, 
neighborhood ranking, contrast expansion, various monadic 
and dyadic image manipulations, digital filtering, texture 
analysis, fractal analysis, frequency processing, convolu 
tions, morphological processing, thresholding, connected 
component analyses, blob processing, blob classifications, 
or combinations thereof. 

6. The method according to claim 1 wherein the continu 
ously moving web is normally unpatterned. 

7. The method according to claim 1 wherein the continu 
ously moving web has a pattern, and wherein the initial 
algorithm used to process the digital information is capable 
of distinguishing between regions of the web containing 
perfect pattern from regions of the web containing pattern 
and also possible defects. 

8. The method according to claim 1, wherein the at least 
one Subsequent algorithm characterizes at least a portion of 
the web into quality classifications. 

9. A method according to claim 1, wherein the identified 
regions contain information, as indicated by size, having at 
least an order of magnitude less than the digital information. 

10. The method according to claim 1, wherein the Sub 
Sequent algorithm includes a plurality of Steps, wherein each 
of the plurality of Steps comprises comparing each anomaly 
against a combination threshold-pixel Size criterion. 

11. The method according to claim 10, wherein an 
anomaly is identified as an actual defect if any one of the 
criteria is Satisfied. 

12. The method according to claim 1, wherein at least 
Some anomalies are reported in real time for process moni 
toring, proceSS control or both. 

13. A method of inspecting a continuously moving web, 
comprising: 

imaging a Sequential portion of the continuously moving 
optical film web to provide digital information, 

processing the digital information with an initial algo 
rithm consisting of an intensity threshold followed by 
defect Sorting based on blob Size to identify regions on 
the web containing anomalies, 

extracting Subimages from the identified regions in the 
digital information, and 
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analyzing the extracted anomalies with the following 
Subsequent algorithms to determine which anomalies 
represent actual defects in the moving web, wherein 
each of the Subsequent algorithms consists of an inten 
sity threshold followed by defect sorting on blob size 
Such that for each Subsequent algorithm, the intensity 
threshold increases as the minimum blob Size 
decreases. 

14. A method of inspecting a web, comprising: 
imaging a Sequential portion of the web to provide digital 

information, 
processing the digital information with at least one initial 

algorithm to identify regions on the web containing 
anomalies, 

extracting identified regions from the digital information, 
and 
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analyzing the extracted identified regions with at least one 
Subsequent algorithm to determine which anomalies 
represent actual defects in the web. 

15. An apparatus for inspecting a continuously moving 
web, comprising: 

an imaging device for imaging a Sequential portion of the 
continuously moving web to provide digital informa 
tion, and 

computational equipment for processing the digital infor 
mation with an initial algorithm to identify regions on 
the web containing anomalies, then extracting identi 
fied regions from the digital information, and then 
analyzing the extracted identified regions with at least 
one Subsequent algorithm to determine which anoma 
lies represent actual defects in the moving web. 
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